The effect of honeybee (Apis mellifera carnica) on yield was investigated in open-pollinated faba bean cultivars and three inbred generations produced from them (once-selfed, twice-selfed, and thrice-selfed). All entries were grown in cages under two pollination conditions: presence of bees (cross-pollination) or absence of bees (self-pollination). The open-pollinated generations gave the highest performance in the presence and absence of bees. In the presence of bees, the open-pollinated and their inbred entries gave higher performance in all of the studied traits than in the absence of bees; the average improvement in yield and its components was 22%. The highest improvement percentage in yield performance was shown by more inbred entries (thrice-selfed > once-selfed), indicating that in faba bean populations, the performance of inbred generations was chiefly associated with the tripping of flowers, which is usually governed by successfully fertilized flowers, i.e., plants result from selfing in faba bean population needs to be visited by pollinating insects (bees) to set more seeds. It concluded that honeybee has an important role in increasing faba bean yield in semi-arid conditions; hence, it is important to provide a pollinator friendly environment for their foraging places and nesting sites to secure food supply.
Introduction
Faba bean (Vicia faba L.) is a globally important grain legume crop due to its beneficial role in sustainable cropping [1] and rising requirements for plant protein as food and feed [2] . In Sudan, due to the recent increase in animal protein price, most of people shift towards less reliance on meat to supply their daily dietary protein from plant protein, especially faba bean [3] , a situation that necessitates an increase in crop yield [4] [5] . Different from self-pollinated legumes, faba bean productivity is hindered by its reproductive mode [6] as the crop is partly self-and partly cross-pollinated species (mix-mating). Both self-and cross-pollination are carried out by pollinating insects (bees, bumble bees, etc.).
Atypical visit of a pollinating insect to a flower can transfer foreign pollen and lead to out-crossing or facilitate own flower pollen and leads to self-pollination by disrupting (tripping) a physical barrier between the stigma and anthers that otherwise prevents self-pollination in some flowers [7] . In the absence of pollinators, only self-fertilization occurs [6] and this results in inbreeding depression and consequently low yield. On the other hand, in the presence of pollinators, cross-fertilization occurs and this is associated with heterosis and yield increase [6] [8] as well as improvement in seed quality [9] [10] [11] [12] and raising returns of the farmers. Bees play a vital role as pollinators for many horticultural crops (e.g. water melon, cucumber, strawberry, tomato, peeper, and eggplant, etc.) in the world and contribute to an increase in their yield performance and quality [13] [14] [15] . In faba bean, and in study carried out under two pollination conditions: self-pollination (where the plots were covered shortly before flowering using cages, 2 mm mesh size) and bee pollination conditions where beehives were introduced during the growing seasons near the plots and bees were left free-flying to carry out both self-and cross-pollination, [16] reported an increase in pod sets, seed per pods and seed yield in four faba bean genotypes and reported a yield increase of about 49% in bee-pollination condition compared to self-pollination (absence of bees). Moreover, [15] reported an average yield benefit of 17% in managed honey bee applied to faba bean in 17 fields in South Australia and observed a decrease in pods per plant field with increasing distance from hives.
In Sudan, as in most developing countries, farmers invest less input to manage pollination. They depend on the incidental pollination that is supported by the nearby ecosystems, mainly wild honeybees (Apis florea). The not managing pollination is mainly because of the lack of understanding of its economic value.
Although most of faba bean cultivars grown in Sudan were reported to have a considerable degree of auto-fertility [17] , yields are still far below their potential.
Poor management practices, as well as the effect of abiotic (especially temperature) and/or biotic (diseases and pests) stresses, are listed among the causal factors, but no information is available on the influence of pollinators 
Pollination Condition
For pollination effect, the genotypes were tested under two pollination conditions: 1) self-pollination and 2) bee-pollination. Immediately prior flowering, the experimental area was covered with two net cages of 6 × 20 m each, 2 mm mesh size). For bee pollination, a beehive (5 combs) of a local honey-bee (Apis mellifer acarnica) was introduced inside the cage at the beginning of the flowering period, where both self-and cross-pollination can take place; about 5000 -6000 bees were used per hive; hives were left inside the age till the end of the flowering period. For self-pollination, no beehive was used. The experiment was irrigated every 14 days and well weeded before flowering. At maturity, the cages were removed and data were collected on yield (yield/plant in gram) and yield components: number of pods/plant, number of seeds/pod, number of seeds/plant, 100-seed weight and yield/plant. Ten plants per experimental unit per replicate (excluding the plants from the two sides of the ridges) were used to estimate yield (yield/plant) and yield components. The yield/plant was estimated by weighing the seed of the 10 plants per replicate and then statistically analyzed as described for the nested type of a randomized complete block design using the computer program PLABSTAT [18] .
The relative improvement percentage due to bee pollination for each trait was estimated as follows:
( ) Improvement percentage 100 P P P
where, P + = mean performance in the presence of bees P − = mean performance in the absence of bees
Results
Analysis of variance was carried out for the effect of pollination condition, genotypes and genotype x pollination condition interaction on yield and its components for all of the twenty entries (Table not shown Table 1) . The results showed significant differences due to the effect of pollination condition and genotypes in all traits. However, the effect of pollination condition x genotype interaction was not significant for all traits. Open-pollinated genotypes and their inbred generations exhibited great variability for the effect of bee pollination on the performance of the studied traits (Table 1) . Generally, in the presence of bee pollination, open-pollinated cultivars and their inbred generations exhibited higher performance in the studied traits than in the absence of bee pollination. As a result of bee pollination, the improvement in traits performance was higher in inbred generations compared to the open-pollinated ones. On the hand, the performance of all traits was decreased after every other generation of selfing ( Table 2) . (Figure 1(a) ). The average improvement in number of seeds/pod due to bee pollination was 26%. The importance of bee pollination in improvement of the performance of this trait started to increase with increasing degree of selfing from 17% in S 1 , 24% in S 2 and reached up to 34% in S 3 generation (Table 2 The average improvement in number of seeds/plant and 100-seed weight due to bee pollination was 26% and 11%, respectively; the improvement in number of seed/plant ranged from 16% in S 1 to 36% in S 3 ( Table 2 ). The highest number of seeds/plant was recorded by the open-pollinated generation of Bassabier, whereas the S 3 generation of Sahaba gave the lowest number of seeds/plant (Figure 1(c) ). The trait of 100-seed weight was the least trait to be affected by bee pollination (Table 2 and Figure 1(d)) ; however, the improvement due to the effect of bee pollination was increased from 7% in the open-pollinated to 15% in 100-seed weight and S 3 generation of Hudeiba/93 gave the lowest 100-seed weight (Figure 1(d) ). The average improvement of yield/plant was 25%. It was 7% in S 1 for the open-pollinated generation, 24% for S 1 and reached 39% in S 3 ( Table 2 ). The open-pollinated generation of Shabah gave the highest yield/plant in the presence of bees in open pollinated generation and lowest yield/plant in S 3 generation (Figure 1(e) ). The overall average improvement of bee pollination in yield and its component was 22%.
However, the imitation of the present study is that: we did count the number of bee visits per day as well as the number of pollinators/experimental unit needed per hectare to determine the exact number of beehives to be used in large scale faba bean filed as the bees (Apis mellifer acarnica) was a bit aggressive.
Moreover, the environmental factors such as the degree of temperature and relative humidity inside the hives, which may affect the activity of the bees, were not measured. In addition, the study did not consider the effect of pollination under natural field conditions that made by Apis florea as it may have a role in faba bean yield.
Discussion
In many crop species, there is a positive correlation between the value of a crop per production unit and vulnerability based on its dependence on insect pollination, which is particularly true for Vicia faba L. In the present study, the significant effect of pollination conditions on different traits indicated the importance of bee pollination on faba bean yield [16] [19] as pollinators can carry out both self-fertilizations by tripping and out-crossing when they visit other flowers of the other plants. Therefore, they have potential to increase yield and its components in faba bean [10] . In faba bean, the open-and self-pollinated plants are used by faba bean breeders in a kind of pedigree breeding scheme, the resulting population genotypes are genetically heterogeneous and heterozygous to varying degrees. As a consequence, different levels of heterosis are expected in the open-pollinated genotypes, thus giving rise to varietal differences in sensitivity to inbreeding [20] [21] . Therefore, in the present study, the performance of the inbred lines was less than the open-pollinated genotypes from which they were derived. This because, when pollinators are absent, seeds are the result of auto-fertility. However, faba beans Sudanese faba bean genotypes are generally have high degree of autofertility, but depend on tripping to produce high yield.
Generally, in faba bean and without being tripped seed set may vary from zero to 100% depending on the genotype, its inbreeding status and partly on environmental conditions [6] . High level of inbreeding favors low level of autofertility, hence bee pollination is needed for pod and seed setting. As a consequence of the absence of pollinators, yield of pure self-seed in cages is variable and mostly low [6] . Moreover, the non-significant differences in pollination condition x genotypes interaction indicate the non-preference of bees to visit a specific genotype. [22] .
In the present study, the bee pollinated plants were found to produce more pods/plant and more seeds/pod than the self-pollinated plants. The number of seeds/pod is governed by successfully fertilized ovules; the number of both flowers and ovules that are formed always greatly exceeds the resulting number of pods and seeds that are produced [23] . A part from possible tripping effect, the difference in the number of seeds/pod was influenced by late seed setting in self-pollinated plants compared to bee pollinated ones. Moreover, the bee pollinated plants were observed to set more pods on the lower nodes and ripen earli- which is similar to the other studies comparing faba bean performance in controlled conditions with and without insect pollinators e.g., 25% [24] and 26%
[10].
Conclusion
Based on the present study, it could be concluded that honeybees (Apis mellifer acarnica) are effective pollinators in the areas of semi-arid climate; thus providing faba bean field with beehives, plants will set more pods/plant, seeds/pod, seeds/plant and yield/plant and this will consequently give more faba bean 
